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Phase diagrama b s t r a c t
A systematic study of the (Fe,Co)3(Si,P) and (Mn,Co)3(Si,P) systems was performed. Although both these
quaternary systems proved they do not exist as single phase compounds, a great deal of new information
and results was generated about them.
Previously reported value for transition temperatures and compositional limits have been found to be
incorrect for the (Fe,Co)3P system and a novel inverse magnetocaloric effect compound has been discov-
ered as a consequence of the study performed in the (Mn,Co)3(Si,P) system.
 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
The current paper was motivated by the discovery of a novel P6/
mmm hexagonal phase in the (Mn,Fe)3(Si,P) system [1]. Its aimwas
to ascertain the existence of this same hexagonal phase in related
systems and its potential applications.
As reported in the above mentioned paper, this hexagonal P6/
mmm structure was found to be extremely sensitive to the exper-
imental procedure used during sample preparation. Consequently,
all studied samples belonging to the (Fe,Co)3(Si,P) and (Mn,Co)3(-
Si,P) systems used for this study were produced by following the
same experimental procedure used in reference [1], with the only
exception being the use of elemental cobalt consisting of 99.8%
pure Co powder from Alfa Aesar.
2. Material overview
Both Si rich (Fe,Co)3(Si,P) and (Mn,Co)3(Si,P) alloys display con-
siderable relevance in the ﬁeld of spintronics [2,3], having an extre-
mely high TC (as most metallic compounds containing Co). These
are reported to crystallize in the cubic Fm3 m structure [2,3], the
same structure present in Si rich (Mn,Fe)3(Si,P).
The P rich side of these systems seems to be largely disregarded,
mainly in the (Mn,Co)3(Si,P) system, where the only available liter-
ature consists of a theoretical calculation meant for spintronic
studies [4]. Still, P rich (Fe,Co)3(Si,P) is reported to crystallize inthe same I 4 tetragonal structure as reported for the (Mn,Fe)3(Si,P)
system.
3. Results
3.1. The (Fe,Co)3(Si,P) system
All samples produced in the restricted (Fe,Co)3Si system were
single phase, displaying the reported cubic Fm3m phase. The
addition of elemental P on the Si rich side of the phase diagram
consistently caused the formation of a secondary phase with the
orthorhombic Pnma structure. This phase becomes gradually
more prominent with increasing P content, as seen in Fig. 1a,
while never becoming the single phase in the studied samples.
This result indicates that this phase does not belong to the
(Fe,Co)3(Si,P) system, but most likely to the (Co,Fe)2P system, a
hypothesis which was conﬁrmed by the production of samples
belonging to the (Co,Fe)2P system, which were found to have
an X-ray diffraction pattern consistent with the second phase
present in our P containing samples, as demonstrated in
Fig. 1b. The occurrence of this phase in our samples promoted
a steady decrease in the typically high saturation magnetization
of these samples.
On the P rich side of the phase diagram TC was found to be eas-
ily controlled by manipulation of the Fe/Co ratio. Contrary to pre-
vious reports [5] Co content was easily added beyond 30%
substitution of Fe, as reported in [6]. In this way it was shown that
it is possible to lower the TC of the parent compound Fe3P of 686 K
[5] to 600 K for the Fe1.3Co1.7P compound. Any attempt at
Fig. 1. (a) Comparison of the X-ray diffraction pattern of the FeCo2Si and
FeCo2Si0.5P0.5 compounds, demonstrating the rise of a secondary phase consistent
with the orthorhombic Pnma structure; (b) Comparison of the X-ray diffraction
pattern of the FeCo2P and FeCoP compounds, demonstrating a pure single phased
Pnma structure which corresponds perfectly to the secondary orthorhombic phase
observed in the FeCo2P compound.
Fig. 2. (a) Inverse transition displayed by some samples produced for the
(Mn,Co)3(Si,P) system; (b) isolated transition from the Mn1.1Co0.8Si0.2P0.8 sample.
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resulted in the occurrence of secondary phases.
3.2. The (Mn,Co)3(Si,P) system
No sample produced in this system (be them Si or P rich) dis-
played a single crystal phase. Still, certain samples (containing
multiple phases) displayed a signiﬁcant transition from a low to
a high magnetic phase with increasing temperature, typical of an
antiferro-ferromagnetic, collinear and non-collinear antiferromag-
netic or antiferro-ferrimagnetic transition [7], as demonstrated in
Fig. 2a.
In order to isolate the phase that produces these interesting re-
sults, EDS measurements were performed on a set of samples. In
this way we established that the phase of interest corresponds to
Mn1.1Co0.8Si0.2P0.8.
Consequently a Mn1.1Co0.8Si0.2P0.8 sample was produced and
characterized in exactly the same terms as the ones belonging to
the (Mn,Co)3(Si,P) system. This sample revealed to have a remark-
ably high transition from 15 to above 70 Am2/kg at around 200 K,
possessing concrete potential for its use as an inverse magnetoca-
loric effect material, as displayed in Fig. 2b.
X-ray diffraction measurements revealed this sample was single
phase and to crystallize in the orthorhombic Pnma structure. Thisstructure is the same as the (Co,Fe)2P secondary phase found in
the (Fe,Co)3(Si,P) system.
4. Conclusions
The initial motivation to explore the potential of a novel
P6/mmm hexagonal phase discovered in the (Mn,Fe)3(Si,P) system
led to a study of the magnetic and structural properties of the
(Fe,Co)3(Si,P) and (Mn,Co)3(Si,P) systems.
Our results strongly suggest that both these quaternary systems
do not exist as single phase compounds. While we were very suc-
cessful in producing samples belonging to the ternary (Fe,Co)3Si
and (Fe,Co)3P systems, the addition of P or Si to these always gave
rise to multi-phase samples.
The detection of a large magnetic transition in some of our
multiple phase (Mn,Co)3(Si,P) samples led to the discovery of a
new systemwith remarkable properties for inverse magnetocaloric
effect applications.
In both of these systems the hexagonal P6/mmm phase was not
found.
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